trained in the MDMT setup, hairs under the left eye were removed on day 3 under isoflurane anesthesia. From day 4 onward a small neodymium magnet (1.5 × 0.7 × 0.5 mm) was placed under the left eyelid using superglue (Bison) to allow detection of eyelid movements, thanks to a magnet sensor placed above the magnet, which detects changes in magnetic field. Ten minutes after closing the box, trainings were initiated. In the camera setup mice were placed on the treadmill and a thin layer of waterproof black mascara was applied on the left whiskers to prevent infrared light (IR) reflection. For all mice, from day 4 onward a sequence of 10 CS only -2 US only -10 CS only trials was presented to make mice acquainted with the stimuli. US was a 10ms corneal air puff (35-40 psi) delivered through a p20 pipette tip positioned ~5 mm from the left eye. CS was a 260ms green (camera setup) or green/blue (MDMT setup) LED light positioned ~7 cm in front of both eyes ( Fig 1C) . US onset was 250ms after CS onset, both stimuli co-terminated and stimuli were presented with an inter-trial-interval (ITI) time of 12 ± 2sec (camera setup) or 10 ± 2sec (MDMT setup). Trials were initiated only if the eye was more than ~75% opened. Eyelid movements in the camera set up were recorded using a 250fps camera (scA640-120 gc, Basler) and the mouse eye was illuminated by an IR-light. Data was sampled at 2441Hz and stimuli were triggered using TDT System 3 (Tucker Davis Technologies) and NI-PXI (National Instruments) processors. Eyelid movements in the MDMT set up were captured at 1000Hz using customwritten LabVIEW (National Instruments) software.
To study the effect of 5 days of EBC on PNNs in the DCN, we randomly assigned mice to one of three groups: conditioned (N = 5), pseudoconditioned (N = 5) or control (N = 6). Control mice received a pedestal but remained in the cage for the duration of the experiment. Trainings for these experiments were done with the camera setup. Mice in the conditioned group received a sequence of 3 US only and 100 CS-US paired trials presented with an ITI of 12 ± 2sec, 3 times per day for 5 consecutive days, totaling 15 training sessions. Mice in the pseudo-random group received a sequence of 3 US only trials followed by a random sequence of 100 CS only and 100 US only trials 3 times a day for 5 days. Pseudo-random stimuli were presented with an ITI of 6 ± 2sec to match the duration of the training of the conditioned group. To study the effect of 10 days of EBC on PNNs in the DCN, mice were conditioned (N = 3) or pseudoconditioned (N = 3) for 10 days (5 days/week, for 2 weeks). To pseudo-randomize the trial order we used the 'randi' function of MATLAB (MathWorks). Performance of conditioned and pseudoconditioned mice was measured as the percentage of trials showing conditioned responses (%CR) and the fraction eyelid closure (FEC; 1 is fully closed, 0 is fully opened) at the onset of the US.
Virus production
The GFP or chondroitinase (ch'ase) genes were inserted into lentiviral vectors for long-term expression, containing the mouse phosphoglycerate kinase (PGK) promoter. The vector has been produced according to [3] . The titer of LV-PGK-GFP was 3 x 10 10 transducing units, the titer of LV-PGK-ch'ase was 1 x 10 10 transducing units.
Virus injections
Mice were deeply anesthetized using isoflurane and eyes were protected from drying using antibacterial eye cream (Terra-Cortril, Pfizer). Body temperature was maintained at 37°C using a temperature-controlled heating pad. A 1 cm longitudinal skin and muscle incision was made at the level of the occipital bone. For behavioral and electrophysiological evaluations, bilateral injections were performed. Two small craniotomies were done to expose the IV-V cerebellar lobule of the right and the left hemispheres. One µl of virus (LV-PGK-GFP or LV-PGK-ch'ase; titer matched at a final titer of 1 x 10 10 transducing units) was injected into each interpositus nucleus (-6.0 mm from Bregma, +-2.0 mm lateral from midline, 2.0 mm depth) by a quartz capillary pipette (30-40 μm tip diameter) connected to a Harvard injection pump (speed: 0.15 μl/min). The pipette was left in place for 2 minutes after the injection and was then slowly retracted. For morphometric assessments of synapses, unilateral injections (in the right DCN) were performed and animals were sacrificed 4 weeks later. For EBC experiments, after virus injection a continuation of the first incision was made in the skin covering the top of the skull and a pedestal was stereotaxically placed (see above). The head skin was sutured and animals were given post-operative analgesia (0.4 mg/kg Meloxicam, Metacam).
Eyeblink conditioning on virus-injected mice
To study the effects of PNN digestion on EBC acquisition and retention, N = 22 mice were injected with LV-PGK-GFP and N = 19 mice were injected with LV-PGK-ch'ase. After surgery, mice recovered for 14 days before initiation of habituation sessions (described above; Fig 4A) . Behavioral tests were performed blind to eliminate experimenter bias. Starting on day 21 after injections, mice were trained once a day for 5 consecutive days using the MDMT setup (acquisition phase). Each session consisted of 20 blocks of 1 US only -10 CS-US paired -1 CS only trials presented with an ITI of 10 ± 2sec, totaling 20 US only, 20 CS only and 200 paired trials per session. Following acquisition training, memory retention (retention phase) was measured in mice that had showed robust learning during the acquisition phase (%CR >35% on the last acquisition day; LV-GFP: N = 16; LV-ch'ase: N = 18). All these mice were subjected to retention sessions on day 3, 7, 10 after the last acquisition day, and a subset of mice was also subjected to retention sessions on day 14 (LV-GFP: N = 10; LV-ch'ase: N = 11) and 21 (LV-GFP: N = 6; LV-ch'ase: N = 7). Retention sessions consisted of 5 blocks of 1 US only -10 CS-US paired -1 CS only trials, totaling 5 US only, 5 CS only and 50 paired trials. Mice were transcardially perfused with 4% PFA on the day after the last retention day. A detailed timeline of the experiment is shown in Figure 4A .
Eyeblink data analysis
Data acquired on the camera setup was analyzed using custom-written MATLAB (MathWorks) scripts. Data were filtered using a Gaussian 50 Hz lowpass filter and event-related data were gathered based on TTL timestamps indicating trial start and CS and US stimuli. Trials were marked as unstable and were excluded if values during baseline (first 500 ms of trial) exceeded 5x SD of signal of baseline. To correct for the measurement bias during squinting following a US, all amplitudes were calculated relative to 66.7% of the average UR amplitude. UR amplitude was calculated as average of maxima during the first 450ms following a US in US only trials (or paired trials if not available). CRs were defined as eyelid closures exceeding 10% of UR amplitude during 50-250 ms after CS onset. Data from the MDMT setup was similarly analyzed, although sessions were excluded if more than 75% of trials were invalid. The following parameters were calculated: i) CR percentage, calculated by dividing the number of CR trials with the total amount of CR-eligible trials, multiplied by 100; ii) fraction eyelid closure (FEC) at US onset, calculated by dividing the value of the baseline-normalized signal at US onset (750 ms after trial start) with the average UR amplitude.
Histological procedures
Mice were anaesthetized with an overdose of pentobarbital (Nembutal) and transcardially perfused with 100 ml of 4% paraformaldehyde in 0.12 M phosphate buffer. Brains were postfixed overnight at 4°C, then cryoprotected in 0.12 M phosphate buffer containing 30% sucrose at 4°C, until they sank. Cerebella were cut on a cryostat into 25 µm-thick coronal or sagittal sections and collected in phosphate-buffered saline (PBS).
Primary antibodies were incubated overnight at 4°C in PBS containing 0.25% Triton X-100, and 5% fetal calf serum. Primary antibodies were: mouse anti-NeuN (Millipore, 1:500), chicken anti-GFP (Aves Labs, 1:700), rabbit anti-aggrecan (Millipore, 1:500), mouse anti-calbindin (Swant, 1:1500), rabbit anti-VGAT (Synaptic Systems, 1:1000), rabbit anti-VGLUT1 (Synaptic Systems, 1:1000), guinea pig anti-VGLUT2 (Synaptic Systems, 1:1000), mouse anti-gephyrin (Synaptic Systems, 1:500), mouse anti-MAP2 (Chemicon, 1:250). To visualize PNNs, we used Wisteria floribunda agglutinin (WFA), which binds CSPG sugar chains and is therefore a general marker of PNNs [4] . Sections were incubated in biotinylated WFA (Vector, 20 µg/ml) for 2 h at room temperature. After incubation in primary antibody or WFA, sections were incubated for 1 h at room temperature with one of the following fluorophore-conjugated secondary antibodies or streptavidin: donkey anti-mouse Cy3 (ThermoFisher Scientific), donkey anti-mouse Alexa Fluor 647 (ThermoFisher Scientific goat anti-chicken Alexa Fluor 488 (ThermoFisher Scientific), donkey anti-guinea pig Cy3 (ThermoFisher Scientific), donkey anti-rabbit Alexa Fluor 647 (ThermoFisher Scientific), streptavidin-488 (ThermoFisher Scientific), streptavidin-Cy3 (Jackson Immunoresearch). For each immunohistochemical reaction, slices from all experimental conditions were processed together and incubation times kept constant. After processing, sections were mounted on microscope slides with Tris-glycerol supplemented with 10% Mowiol (Calbiochem).
Histological preparations were examined under a Leica SP5 confocal microscope. Confocal images were taken at a resolution of 1024x1024 dpi and 50 Hz speed. Lasers intensity, gain and offset were maintained constant in each analysis. Quantitative and morphometric evaluations were performed by using Image J software (see below) and were conducted by a blinded experimenter. Adobe Photoshop 6.0 (Adobe Systems, San Jose, CA) was used to adjust image contrast and assemble the final plates.
Quantification of PNNs
Quantification of the staining intensity of WFA around individual neurons in 5 days-conditioned (N = 5), 5 days-pseudoconditioned (N = 5) or control (N = 6) mice was performed in the DLH, in the most lateral part of the anterior interpositus (IntA) and in the lateral nucleus in coronal sections on both sides. Quantification of the staining intensity of aggrecan was performed around individual neurons in 5 days-conditioned (N = 4), 5 days-pseudoconditioned (N = 3) or control (N = 3) mice. Quantification of WFA staining intensity in 5 days-conditioned mice that showed poor performance (N = 6) was performed in the DLH and the IntA. Quantification of WFA staining intensity in LV-GFP mice during memory retention (retention day 21; N = 4) was performed in the DLH. Sections were double labelled with NeuN antibodies and WFA or NeuN and aggrecan antibodies. Confocal images (1 um thick) of sections of the anterior DCN (6.00 to 6.24 mm caudal to Bregma) were acquired under a 63x objective. Two-three sections/mouse were analyzed. Analysis of WFA or aggrecan staining intensity and of number of neurons bearing a WFA+ PNN was performed by ImageJ, as described in [5] [EBC 5 days; DLH: CTR right side, number of neurons (n) = 106, CTR left side n = 96; pseudo right side n = 81, pseudo left side n = 65; conditioned right side n = 66, conditioned left side n = 87; IntA: CTR right side n = 99, CTR left side n = 95; pseudo right side n = 63, pseudo left side n = 75; conditioned right side n = 72, conditioned left side n = 88; lateral nucleus: CTR right side n = 110, CTR left side n = 104; pseudo right side n = 82, pseudo left side n = 86; conditioned right side n = 75, conditioned left side n = 94; EBC 10 days; DLH: pseudo n = 53; conditioned right side n = 28, conditioned left side n = 27; IntA: pseudo n = 36; conditioned right side n = 19, conditioned left side n = 22; EBC 5 days poor learners; DLH: conditioned n =140; IntA: n = 132; lateral nucleus n = 175]. Similarly, analysis of aggrecan staining intensity was performed around neurons with a visible NeuN+ nucleus (DLH: CTR number of neurons (n) = 101; pseudo n = 113; conditioned n = 119; IntA: CTR n = 102; pseudo n = 111; conditioned n = 119; lateral nucleus: CTR n = 79; pseudo n = 105; conditioned n = 108).
The number of DCN neurons bearing a PNN was determined on double labeled sections with NeuN antibodies and WFA histochemistry. At least three sections/mouse were analyzed. We sampled all the NeuN+ neurons and assessed the presence of a PNN surrounding each individual neuron in the DHL and IntA (CTR, N = 6 mice; pseudoconditioned, N = 5 mice; conditioned, N = 5 mice).
To investigate the relationship between the amount of strongly-stained PNNs (in the DHL or in the IntA) and EBC performance, for each mouse subjected to 5 days of EBC we measured the % of strong WFA+ PNNs and the % CR. The obtained data were plotted and the correlation was calculated.
Quantification of PNN digestion after injection of LV-ch'ase (N = 3) or LV-GFP (N = 3) was performed by evaluating WFA intensity in a selected area of the IntA (80,000 um2) in 3 sections/mouse. The background brightness, taken from the molecular layer of a not-digested lobule, was subtracted from the measurements.
Quantification of gaps between VGAT-positive boutons
Single 0.5 um thick-confocal images of the DLH of EBC mice (retention day 21) or the IntA of mice not subjected to EBC have been collected under a 63x objective with 2x zoom. On such images, the intensity of VGAT staining around large size neurons (cell body size > 250 um 2 [6] ), which are the neurons bearing a PNN, has been plotted by using the ImageJ function "surface plot". In the plot, the density (number/mm neuronal membrane) of troughs with value < 40 arbitrary unit (a.u.), followed by peaks with value > 100 a.u. has been quantified per each analyzed neuron (EBC mice, LV-GFP n = 56 neurons from 4 mice, LV-ch'ase n = 77 neurons from 5 mice; mice not subjected to EBC, LV-GFP n = 52 neurons from 5 mice; LV-ch'ase injected side, n = 33 neurons from 5 mice; LV-ch'ase uninjected side, n = 34 neurons).
Quantification of gephyrin-positive clusters
Single 0.5 um thick-confocal images of sagittal sections containing the IntA have been collected under a 63x objective with 3x zoom. On such images the density of gephyrin-positive clusters (number/um neuronal membrane) has been evaluated around large size neurons by means of ImageJ (LV-PGK-GFP, n = 26 segments of neuronal membrane from 3 mice; LV-PGK-ch'ase, n = 23 segments of neuronal membrane from 4 mice).
Quantification of glutamatergic terminals
We estimated the density and size of VGLUT1 and VGLUT2-positive glutamatergic axon terminals in LV-GFP (N = 7) and LV-ch'ase (N = 7) injected mice. At least three sagittal sections containing the IntA were selected for each animal. We estimated the density of VGLUT1-positive terminals in in LV-GFP (N = 4) and LV-ch'ase (N = 4) injected mice subjected to EBC and perfused on retention day 21. At least three coronal sections containing the DLH were selected for each animal. A 0.5 um-thick confocal image/section was captured under a 63x objective. The ''analyze particle'' function of ImageJ was used to estimate the density (number of terminals/mm2) and size of boutons in each image (area of the image = 15,117 um2), after selecting the automatic threshold and watershed segmentation. Only elements with a size > 0.4 um 2 were included in the analysis, to discard staining background artifacts. DCN neuronal somata were weakly VGLUT2-immunopositive and were excluded from the analysis.
Electron microscopy
Mice that received unilateral injection of LV-PGK-ch'ase (N = 3) were perfused with 4% paraformaldehyde in 0.12 M phosphate buffer. Brains were postfixed overnight at 4°C, then cryoprotected in 0.12 M phosphate buffer containing 30% sucrose at 4°C. Cerebella were cut on a cryostat into 25 µm-thick sagittal sections and collected in phosphate-buffered saline (PBS). Slices were washed with sodium cacodylate buffer and postfixed for 20 minutes in 1% osmium tetroxide and 1.5% potassium ferricyanide in milliQ, dehydrated and embedded in epoxy resin. Sagitally cut ultrathin sections (70 nm) were contrasted with uranyl acetate and lead citrate and analyzed using a FEI Technai 12 electron microscope.
PNNs in the DCN surround large size neurons (which are GAD-negative) [6] [7] [8] . Therefore, analysis of GABAergic terminals in electron micrographs has been performed on large size neurons (cell body size > 250 um 2 , evaluated by ImageJ) of the IntA in 3 mice, which received LV-ch'ase injection unilaterally (uninjected side, number of neurons = 14; injected side, number of neurons = 16).
GABAergic terminals were identified by the presence of oval/flattened synaptic vesicles and symmetric release sites. Glutamatergic terminals were identified by round synaptic vesicles and thick postsynaptic densities, which in some cases showed subsynaptic dense bodies, known as Taxi bodies (Fig S4A, B; 
In vivo electrophysiology
To investigate the effects of PNN removal on the electrophysiological properties of IntA neurons, mice were randomly assigned to a group receiving bilateral injections of LV-PGK-GFP (N = 6) or LV-PGK-ch'ase (N = 5) in the IntA nuclei (as described above). Three weeks after virus injection, mice were anesthetized using isoflurane and eyes were protected from drying using eye drops (Duodrops, Ceva). Body temperature was maintained at 37°C using a temperature-controlled heating pad guided by a rectal temperature probe. Skin in the neck was shaved and a 1 cm longitudinal incision was made to uncover the neck muscles. Muscles were locally anesthetized (10% Xylocaine, AstraZeneca) and removed to access the occipital bone. Two square craniotomies were made using a dental drill above Crus II, approximately 1.7 mm lateral to Bregma. A thin layer of primer (Optibond All-In-One, Kerr) was applied around the craniotomies, hardened out with UV light, and a circular recording bath was created using dental cement (Flowline and Charisma, Heraeus Kulzer). Bath was filled with saline and the dura was removed covering the brain in both craniotomies. Bath was then filled with a low viscosity silicone elastomer sealant (Kwik-cast, World Precision Instruments) to prevent the brain from drying and the skin surrounding the bath was attached to the skull bone with tissue glue (Histoacryl). Postoperative analgesia was given by i.p. injection of meloxicam (0.4 mg/kg Metacam) and mice recovered for at least 2 hours before initiation of the recording session. During recordings, mice were head-fixed. Extracellular recordings were performed using electrodes with a tip diameter of ~1 μm and a pipette resistance of 4-8 MΩ, heat-pulled from filamented borosilicate glass capillaries (1.5 mm OD, 0.86 mm ID, Harvard Apparatus) with a P-1000 micropipette puller (Sutter Instruments). The electrode was filled with standard intracellular solution, containing (in mM): 10 KOH, 3.48 MgCl2, 4 NaCl, 129 K-Gluconate, 10 hepes, 17.5 glucose, 4 Na2ATP, and 0.4 Na3GTP (295 ± 305 mOsm; pH 7.2). The intracellular solution was supplemented with 0.5% neurobiotin (Vector Labs). The electrode was attached to an electrode holder that approached the brain surface in a 43° angle and movements were controlled by a micromanipulator (SM7, Luigs and Neumann). Recordings were amplified using a Multiclamp700B amplifier (Axon Instruments) and digitized on 100 kHz using a Digidata 1440 (Axon Instruments). The electrode was lowered into the brain under high pressure till a depth of 1500 μm, after which the pressure was lowered to 15-20 mbar, and the electrode was advanced in steps of 2 μm per second until individual spikes could be identified with amplitudes of >1 mV. The maximum duration of a recording session was 4 hours, after which mice were transcardially perfused for histology. Streptavidin-Cy3 (1:500, 1 h RT) and WFA FITC (Vector, 1:400, 1 h RT) were used to detect neurobiotin-filled regions and PNNs, respectively. 
Electrophysiological data analysis

Statistical analysis
Statistical analysis was carried out by GraphPad Prism 5 and 7 (GraphPad Software Inc., La Jolla, CA, USA), SPSS version 22 (IBM) and MATLAB (R2011b, MathWorks). Normality of distributions was assessed using Shapiro-Wilk test and, if normality was violated, non-parametric tests were performed. Behavioural performance (EBC 5 days, EBC 10 days, and EBC retention phase) was analysed using repeated-measures ANOVA (data from camera setup) or linear mixed models (data from MDMT setup) with the maximum likelihood method. Group and session/day were modelled as fixed effects, and %CR and FEC at US onset as dependent variables. We assessed the fit of the model by running the analysis with the unstructured, diagonal and firstorder autoregressive repeated covariance types, after which we choose the covariance type with the lowest Akaike's information criterion value, which was in most cases the unstructured type. Chi-square test was used to compare the frequency distribution of WFA+ nets. Correlation analysis was used to study the strength of the relationship between the amount of strong WFA+ nets and the %CR of each mouse on day 5 of EBC. Unpaired Student's t-test or one-way ANOVA (followed by Tukey's post-hoc test) were used to analyse synaptic terminals in immunohistochemistry-or electron microscopy-processed slices. Independent-samples Mann-Whitney U (MWU) test was used to compare spontaneous spike characteristics. Data are shown as mean ± SEM, and P ≤ 0.05 was considered as statistically significant.
Fig S1. PNNs in the DLH and IntA during EBC acquisition. (A) Relative content of WFA+ nets
in the DLH shows that the percentage of nets with strong WFA intensity is less in the right (R) DLH than in the left (L) DLH of conditioned (cond) mice on day 5 of training. The distribution of WFA+ nets in each side is different from that of CTR and pseudo mice. (B) In the lateral IntA no difference in WFA frequency distribution between right and left side is present in conditioned mice. The relative content of WFA+ nets in both the right (R) and the left (L) side of conditioned animals is different from that of CTR and pseudo animals. (C) The frequency distribution of WFA+ nets in the DLH of mice that showed poor learning is similar to that of CTR mice (values in the right and left side were pooled together). (D) The % of strong WFA+ nets in the IntA of poor learners is lower than in CTR mice but higher than in good learners (values in the right and left side were pooled together). (E, F) Relationship between the percentage of strong WFA+ nets and the learning rate (% CR) of mice subjected to EBC for 5 days. Each diamond represents a single animal [green diamonds are good learners (CR% > 35%), blue diamonds are poor learners (CR% < 35%)]. In the DLH (E), but not in the IntA (F), a significant inverse relationship is found. (G, H) The number of neurons bearing a PNN in the DLH (G) and the IntA (H) is not different between CTR, pseudoconditioned and conditioned mice. * P < 0.05, ** P < 0.01, *** P < 0.001.
Fig S2. Aggrecan+ nets during EBC acquisition.
The intensity of aggrecan+ nets was analyzed in the DLH, the lateral part of the IntA and the lateral nucleus in control (CTR) mice, in pseudoconditioned (pseudo) mice and in mice that were trained for 5 days (conditioned mice). Aggrecan+ nets were categorized as weak, medium or strong according to their staining intensity, and the percentage of nets belonging to each category was evaluated. A significant shift towards weak and medium intensity-nets is apparent in conditioned mice when compared to CTR and pseudo mice in the DLH (A-D) and the IntA (E). In the lateral nucleus there is no difference in the frequency distribution of aggrecan+ nets in the three conditions (F). Scale bar: 50 μm in A (also applies to B and C). ** P < 0.01, *** P < 0.001. 
